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ABSTRACT 
The ep idermis of neonatal rat skin is separated fro m the dermis with tryps in, and prepa-
rations of the four cell strata are obtained by elution with EDTA or trypsin . The four prep-
arations conta in a predominance of each of the four cell types and are adequate for the 
examination of protein synthesis at the different levels of ep idermis. 
The preparations were tested for prote in synthesizing ac tivity in two ways : 1) time 
course of incorporation of 14C-hist idine and 1 'C-leucine by whole ce lls, and 2) their distri-
bution in the buffer (BSS) soluble, NaOH soluble and NaOH insoluble protein fractions 
obtained from homogeni zed ce ll suspensions. The specific activity ranking of t he prepara-
tions was spinous cells > basal cells > granular cells. The cornified cells were inactive. 
Early granular ce lls incorporated " C-histidine preferentially into their NaO H insolu ble 
fraction . 
T he basal ce ll layer serves as the generative 
populat ion of mammalian epidermis. Cell s mi-
grate toward the surface passing through sequen-
t ial steps which lead to the formation of keratin-
ized squamae. In the course of t his migration, the 
cells ' morphology alters at different levels and the 
t issue forms several strata. It wou ld be useful to 
be able to sepa ra te the ce lls of the va rious strata 
in order to more precisely determine the differ-
ences between the metabolic activities of each 
layer . In this way, the process of ep idermal kera-
tinization may be further described . T his is a 
report on our progress in obtaining relatively 
homogenous cell preparations of t he various cell 
strata and in examining the incorporation of 1 'C-
Ieucine and "C-histidine into prote ins of these 
preparat ions. 
T he methodology employed was adapted from 
Szabo (1 ) and Gumucio et al. (2) and strongly re-
sembles the methodology of Giovanella and Hei-
delberger (3) and Vaughan and Bernstein (4). It 
essentially employs t rypsin separation of ep i-
dermis from dermis and seria l elu t ion of ep i-
dermal ce lls in EDTA solut ion (2-4). Spinous and 
granu lar cell fractions are enriched by fi ltration 
(5) . 
M ATERIALS AND METHODS 
The dorsa l sk in of 10- 30 Sprague-Dawley, Berkeley 
strai n rats was taken from 1 to 3 li tters ranging from 
newborn to one day of age. T he skin was cut in to 
narrow st rips 2- 3 mm x 2 em. After t reat ment with 0.1% 
trypsin (Difco 1: 250) in Earle 's ba lanced salt solu tion 
[EBSS ] (0.112 M NaC l, 0.005 M KCl, 0.0004 M MgSO, , 
0.002 M Na H ,PO, , 0.026 M NaHCO,, 0.002 M CaCl , , 
0.05 M glucose), pH 7.4 , at ap proximately 4 o C for 15 
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hours the epidermis was separated from the dermis by 
lifting it with t issue fo rceps. T he epidermis was then 
minced. The cells of the stra tum basa le were separated 
from the pooled epidermis by shaking for five minutes 
in 0.01 % buffered EDTA (0.13 M NaCI, 0.003 M K Cl, 
0.005 M Na,HPO,, 0.002 M KH ,HPO ,) pH 7.4. T he 
cells of the stratu m spinosum were similar ly separated 
by incubating the remaining ti ssue in fres h EDTA solu-
tion at 37° C for 30 minutes and then shaking for five 
minutes at room temperature. Nitext cloth of 10 11 pore 
size, presoa ked overni ght in distill ed water was used as 
a fil ter (5) to further exclude gra nular cells. T he cells of 
the stratum gra nulosum were obta ined by stirring the 
remaining t issue on a magnetic stirrer in 0.1% buffered 
EDTA, pH 7.4, for 1 1h hou rs at room temperature. 
Nitex cloth filtration was used as described above to 
enrich the granular cell population . K eratinized cells 
were obtained by further sti rring of the rem nant tissue 
in 0.05% trypsin in EBSS for one hour. In each step in 
the sepa ration procedure, the cells obtained were cent ri -
fuged into a pellet at 1500 x g for t hree minu tes a nd 
resuspended in EBSS. T he cell suspensions obtained 
were ap proximately 10 ' cells/ml in concent ration fo r 
basa l and spinous, and 10 6 ce lls/ml for granular a nd 
cornified cells and mainly consisted of completely sepa-
rated ce lls. The qua ntities of dissociated ce lls were de-
termined by haemocytometer coun ts. Concent rations 
were adjusted by resuspending cells in EBSS accord ing 
to experimenta l needs. 
Basal cells were identified by their morphology. T his 
ident ification was confirmed by tests of their ability to 
take up thymidine- methyl-3H (6.7 Curi es / mM) t . On e 
ml of basa l cell suspension (10 6 cells) was incubated for 
1 hour at 37 ° C with 2.5 11 C of thymidine-'H in EBSS. 
Subsequent ly, smears of cells were fixed in 70% ethanol 
and processed for autoradiography, usin g Kodak NTB2 
a nd two wee ks of ex posure. 
Cell suspen ions obta ined from the four epiderma l 
cell laye rs were tested for protein synthesizing activity 
in two ways: 1) t ime course of incorporation of labeled 
amino ac ids in whole cell suspensions and 2) their dis-
tr ibut ion in the buffer (EBSS) solubl e and insoluble 
protein fractions obta ined from homogeni zed cell sus-
t Nitex Nylon Monofilamend Screen Cloth, Tobler, 
Ernst & Traber, E lmsford, N. Y. 
t New England Nuclear, Boston, Mass. 
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pensions. The insolu ble fractions were further character-
ized as being either NaOH soluble or NaOH insoluble. 
In the case of the granular cells, both filtered and unfil-
tered preparations were tested. · 
For t he incorporation t ime course study, 1 J.LC of ei -
ther L-leucine- "C(U) (262 mC/mM) :j: or L-hist idine-
"C(U) (279 mC/mM) :j: was added per ml of the cell sus-
pension (10 6 cells ml). They were then incubated at 37° 
C for periods up to two hours with no extra energy 
source. At 0, 15, 60 and 120 minutes, a liquots of 0.1 ml 
were pipetted in to Whatman #1 fil ter paper discs and 
placed immediately into ice cold T CA (5%). After 20 
minutes, the discs were boiled in 5% T CA for 20 min -
utes at 95° C. T hey were then washed with cold 5% 
TCA and treated sequentia lly with ethan ol, and 
ethanol/ether 1: 1 and ether. The dried pa per discs were 
then dropped into a vial containing 20 ml of scint illa-
t ion (5.0 g. PPO, 0.2 g. POPOP in 1 I. of toluene) mix-
ture and counted in a Packard-Tricarb (Model #3003) 
sc in t ill at ion counter. Prote in was measured by th e 
method of Lowry et al. (6). Results were expressed as 
counts per minute per mg protein . 
In order to determ ine whether or not the additional 
t ime spent by the spinous and granular cell populations 
in the EDTA solut ion had any effect on protein syn-
thes is, suspensions of basal ce lls were incubated in 
EDTA fo r the proper additiona l periods of time and 
then exposed simultaneously with the spinous and gran-
ular ce lls to t he labeled am ino ac ids. 
CON TRO L (Who le Ti ssue) 
Tryps in 
Who le
1 
Epid e rmis (J:/ Unse parated Q_9. Sepa rated 
~ --
For the study of incorporation into EBSS solub le, 
NaOH soluble and NaOH insoluble protein fractions, 
cell samples were incubated with labeled amino a"c ids at 
37° C for 60 minutes, as described above. At the end of 
the incubation, the samples were sonicated for 90 sec-
onds in 15 second pulses, separated by 5 second inter-
vals using a Biosonik son icator a t a probe intensity of 70 
and then centrifuged at 3500 x g for 30 minutes . Res-
idue and supernatant solu tions were separated. How-
ever, the residues were washed once with water and cen-
trifuged again . Both wash and the original supernatant 
solution were combined and termed the "soluble protein 
fraction. " 
The residu e of insolubl e protein was extracted with 
0.02 N NaOH for 12 hours at room temperature and 
centrifuged at 3500 x g fo r 30 minutes. The residue was 
washed with water and after centrifugat ion, both wash 
and supernatant solution were combined forming the 
"NaOH soluble protein fraction ." The residue sus-
pended in water formed the " NaOH insoluble protein 
fraction ." Aliquots of a ll protein fract ions were tested 
for protein concentrat ion and radioactivi ty by the 
methods given above and results expressed as cpm/mg 
protein. 
RESULTS 
The methodology presented above permits the 
successful dissociation of populations of epithelial 
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F tc. 1. T he schema of cell fractions and residues obtained by the separation technique and the numbers assigned 
to them in this report. 
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FIG. 2. Neona ta l rat skin-cont rol. x 495. This section as well as those in Figs. 3, 5, 6, and 7 were fix ed in glutara l-
dehyde and osmium tetroxide, embedded in Epon, and stained with Richardson's stain . 
FIG. 3. Fraction lA-Epithelium se parated-a ll layers in tact. x 495. 
FIG. 4. Fraction 3-Epithelia l residue with most basal cells removed. Three basa l cells are evident on the right 
hand side. x 495. NBF fixat ion , para ffin , H & E . 
FIG. 5. Fraction 5-Epithelial residue with basal and spinous cells removed. x 495. 
FIG. 6. Fraction ?-Epithelia l residue with basa l, spinous and most granular cells removed. The oute rmost layers 
of granular cells often remain with the residue. T hese cells are more condensed and may differ morphologica lly and 
biochemically from the other granular cells. x 495 . 
FIG. 7. Fraction 9- Corneum residue after prolonged exposure to EDTA. This layer i remarkably resistant to 
dissociation, a lthough two squamae and two granula r cells a re shown sepa rated from the residue. x 1240. 
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FIG. 8. Fraction 2-Basal cell fraction-phase micrograph . These cells a re smaller than spinous cells seen in the 
same field. x 528. 
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cells . The separation sequence elutes the fol-
lowing cell fractions: @ basa l,@) s pinous, @ gra n-
u la r ,® corneum and leaves the following res idues 
intact: @-spinous, granula r and co rneum layers, 
@ -granular and corneum layers, <l> -corneum 
layer, ®-res idua l co rni fied t issue. Sonication of 
any of t he cell preparations (@ , @) or@ ) yields 
a solubl e protein solu t ion, 10- 13B, and res idue, 
10-13A, which may be either NaOH solubl e, 10-
13C, or NaOH insoluble, 10- 13D. T he schema and 
cod in gs are shown in Figure 1. 
F igure 2 shows neonata l rat skin prior to any 
separat ion procedure. Figure 3 shows neonata l rat 
skin after t ryps in t reatment and mechanica l sep-
aration . T he enzy matic separat ions a re fa irl y 
clean-cut a nd t he cell layers tend to re ma in in -
tact. Figure 4 shows the residua l epi t helium after 
elution r•f basal ce ll s. Figu re 5 shows the re-
sidu al epit helium a fter elution of spinous cell s. 
F igure 6 shows the residua l t issue after elu t ion of 
most granular cells. T he division of t he granular 
ce lls into two types, one tha t is removed by the 
treatment and t he other t hat adheres lo stratum 
corneum is a frequent occurrence. The adh erent 
granular cells are fla t, anucleate and contain large 
clumps of keratohya lin . Afte r prolonged exposure 
to E DTA, the stratum corneum may be di vested 
of a ll granular ce lls (Fig. 7) and a lt hough a few 
squamae may separate from the residual stratum 
corneum , this layer is remarka bly res istant to di s-
sociat ion . T he final dissociation is obtained a fter 
trea t ment wi th t rypsin . 
F igure 8 shows t he eluted population of basal 
cells. Figure 9 shows a smear of t he spinous ce ll 
fraction with basal cell contamination . The spi -
nou s cells de picted here (Fig. 9) appea r to be 
about 13 to 19 J.L in diameter and the basal cells 
about 6 to 7 J.L. Under the phase microscope the 
basal cells average 9 .2 J.L in dia meter and the spi -
nou s cells are 9.6 x 14.7 J.L (Fig. 8). The granula r 
cells obtained are squamous and maintain their 
rather angular outline after they a re sepa ra ted, 
unlike t he basal and spinous cells which tend to 
become spheri cal (Fig. 10). The granula r ce lls ex-
hib it a whole range of conten t of keratohyalin 
granules and tonofibril s. In addition, they may 
either contain nuclei ranging fr om normal in ap-
pearance to crenated or be anucleate. Their av-
erage di ameters a re 25 .5 x 43.9 J.L. The cornified 
ce lls a re 39.3 x 50.1 J.L in average dia meters. 
These ce lls are anucleate but may reta in a ghost 
of t he former nucleus (Fig. 11) . When a mixed 
population of basal and spinous cells are incu-
bated with 3H -thymidine for one hour, many 
basal cells and relat ively fe w spinous cells, if any, 
a ppear to take up the label (Fig. 12). 
The compositions of fractions @ , @) , @ and® 
a re qui te different both wi th rega rd to the pre-
dominat ing cell ty pe and its percentage and wi th 
rega rd to conta minatin g cells whi ch tend to be 
de rived from t he adjacent cell laye rs. 
The center of each strip of t issue is less affected 
by t ryps in than are t he sides; t hus, the ini t ia l 
separation permi ts t he early elu t ion of basa l ce lls 
nea r t he cut edges . In t hi s ma nner, some spinous 
and gra nular cells may be eluted earli er t han 
planned, and at the same t ime some cells adhere 
to t he residua l t issue longer t han planned . T here-
fore, some cell s of a given layer rema in as a con-
ta minant of t he next fraction while occasiona l 
cells are eluted earlier and become a conta minant 
of t he previous fractions. T o some extent, con-
ta minants are removed by fil t ration through the 
10 11 Nitex cloth, t he sma ller cell s passing with 
the fil t ra te, the la rger rema ining with the res idue. 
However, some cell s wi t h dia meters large r t han 
10 11 may pass through the cloth, perha ps by 
curling. 
The foll owing mean purities are obta ined for 
the preparations: basa l ce lls- 86%, spinous ce lls 
- 56%, gra nula r ce ll s- 66% a nd cornifi ed 
squamae ~ 100% (see T able). T hese figures were 
obtained in 16 successive runs except for the 
basa l cell fract ion where t he data rep resent 18 
successive runs. T he numbers of cells obta ined 
and their puri t ies are adequate for t he exa mina-
t ion of prote in syn thesis by each fraction. 
The t ime course of incorporation of " C- leucine 
or "C-histidine in to these fractions (Fig. 13) indi -
cates t hat t he spinous ce ll fraction is more active 
in protein syn thesis tha n the basal ce ll laye r. T he 
granular ce ll fraction, on the other hand, is only 
very slightly active in prote in synthesis. The in-
corporat ion is a lmost linear for t he first 30 min-
utes. The kineti cs of incorporation are simila r for 
the three prote in syn thes izin g ce ll fra ct ions. 
There is no incorporation in keratini zed cell s. 
Cell frac tion 
Basal@ 
Spinous @) 
Granular @ 
Corneu m @ ,® 
TABLE 
o/r Purity 
86 ± 8.6 
56 8.0 
66 ± 5.5 
- 100* 
• May include up to 10% of " late" gra nula r cells. 
F IG. 9. Fraction 4-Mi xed basa l and spinous cell population-s mea r. Here the basa l ce lls a ppea r to be about one-
quarter the size of the pinous cells. x 528. T h is figu re a nd Fig. 12 represent smea rs fixed in 70% a lcohol, stained 
with h ematoxylin a nd eosin. 
F IG. 10. Fract ion 6- Gra nula r ce ll fraction- phase. x 528. 
FIG. 11. Fraction 8-Suspension of keratinized squa mae obta ined afte r t reatment of the stratum corneum res-idue wit h t rypsin-phase. x 528. 
FIG. 12. Mixed basa l a nd spinous ce ll popu lation-afte r exposure to 3H-thymidine for 1 hour. Both cell types 
may take up 3 H-thymidine. However, the proport ion of labeled basa l ce ll s is very la rge compared to the proport ion 
of labeled spinous cells. x 633. 
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Ftc. 13. T ime course incorporation of labeled histi -
dine [sol id markers ] and labeled leucine [open markers] 
in to basal (circles) , spinous (triangles) and granular 
(squares) cells. Granu lar cell suspensions employed were 
made up of residual cells after Nitex filtration. 
When the incorporation of la beled leucine and 
histidine into the soluble, NaOH soluble a nd 
NaOH insoluble proteins is examined (Fig. 14), 
some differences are found. The uptake of leucine 
is by far the greatest in the spinous ce lls . The 
basal layer incorporates s light ly less leucine into 
its soluble protein fraction t han into its NaOH 
soluble and slight ly more into its NaOH insoluble 
fraction. For the sp inous cells, t he uptake is least 
in the NaOH solubl e fract ion , a nd greatest in t he 
so luble and NaOH insoluble fract ions. For t he 
granular cells, the greatest incorporation occurs in 
the soluble a nd NaOH soluble proteins, the least 
incorporation occurs in the NaOH insoluble frac-
tion . 
Insofar as histidine is concerned, its uptake 
a ppears to be relative ly constant in a ll t hree frac-
tions of the basa l or spinous ce ll preparations. 
There is a preferential histidi ne uptake in t he 
NaOH insoluble fraction of t he granu lar ce lls. 
The incorporation in to a ll fractions of the spinous 
ce ll layer is quite marked ·and a lmost as great as 
the NaOH insoluble fraction of t he granu lar ce ll 
population. The uptake is least in a ll t hree frac -
t ions of the basa l ce ll pre paration a nd in t he sol-
uble protein a nd NaOH soluble fractions of the 
granular ce ll preparation. 
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Ftc . 14. The proteins of each cell population [basal. 
spinous and gra nular ] were subdi vided into soluble, 
NaOH-soluble and NaOH-insoluble fractions . Their 
content of "C-Ieucine and "C-histidine in cpm/ mg pro-
te in is shown graphically. The graphs for the granular 
cell preparations are divided into cross-hatched and 
clear portions. The cross-hatched portion represents 
protein synthetic activity of the unfiltered granular cell 
population. The clea r port ion represents synthetic ac-
tivity obtained from the residual or late granular cells 
after fi ltrat ion through Nitex cloth. 
DISCUSS ION 
Techniques a re availab le for t he preparation of 
basal ce ll suspensions of a high degree of purity 
(3, 4, 7, 8) of proliferative and nonproliferative 
populations (4, 7, 8) of mixed granular a nd corni-
fied ce lls (2, 9) and of gra nular ce lls (10). No one 
has spec ifi ca lly attempted the separation of all 
four ce ll strata of the ep idermis as a prerequisite 
to the study of proteins synthes ized at each level 
of epidermis. 
In the present study the degree of purity of the 
basal ce ll preparations obtained is equivalent to 
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those described above (3, 4, 7, 8). The granular 
cell preparat ions may be more pure (2, 9, 10). The 
10% of superfi cia l granular cells noted to adhere 
to the cornified cells has also 'been observed in 
previous studies (ll) . In human epidermis, 17.7% 
of the granular cells randomly placed in the out-
ermost row do not incorporate "H-cytidine fo l-
lowing subcutaneous injection (12). Double la-
beling experiments with 3H-histidine or "H-argi-
nine and 3H-cytidine dem onstrate that RNA and 
protein synthesis stop in the outermost cells of 
the granular layer at a finite time before the nu-
cleus disappea rs (12) . Since the granular cell s that 
adhere to the cornified cells in the present prepa-
rations are flatter t han the lower granular cells, 
have a crenated nucleus or are anucleate, and 
since the cell fraction does not incorporate either 
••C-leucine or "C-histidine, these cells may be 
considered to be a population of late or cornified 
granular cells ( 4, 12) which are distinct from the 
early, lower granular cells that are nucleate, un -
flattened and synthesizing protein. 
The distinction between basal and parabasal 
cells is more difficult. The two types of cells 
differ very slightly in volume. The sp inous cells 
are deformable (4) and flatten in fixed micro-
scopic preparations where it appears that thei r 
diamete r is about two to three times that of the 
basal cells. However, when viewed in their spher-
ical state under the phase microscope, the diffe r-
ence in diameter is smaller. It is not surp rising, 
therefore, that the major conta minants of the spi-
nous cell fraction are basal cells. A higher degree 
of purity of cell preparations would be desirable . It 
is ant icipated that this will be attained in the 
future by improvements in fil tration and /or the 
use of gradients . However, the degree of purity 
obtained here permits description of protein syn-
thesis at each of the four leve ls. 
The labeled amino acids uti lized in this study 
were chosen as epidermal protein precursors on 
the basis of reports of their preferential uptake, 
leucine by the basal and spinous cells and histi-
dine by the granular cells (ll). 
Of the three synthesizing populations in the 
present study, however, the granular cells are 
found to be the least and sp inous cells t he most 
active in prote in synthesis. Protein synthesis is 
less active in the basal cell than the sp inous cell 
suspensions, which is what would be expected of a 
prolifera t ive, as opposed to a differentiating pop-
ulation of cells. It reaches a maximum in the dif-
ferentiating cells (the spinous and early granular 
cells), is turned off in the upper and late granular 
cells and is nil in cornified cells. The inactivity of 
the stratum corneum has been reported elsewhere 
(2, 12, 13). The diminution in synthesizing ac-
t ivity in the granular layer is not a time-de-
pendent effect of incubation in EDTA. When 
basal ce lls are incubated in EDTA for an equal 
period of time and then labeled with the amino 
acids, the incorporation remains the same as the 
initial graph obtained for the basal ce lls. 
It has been reported that the incorporation of 
"H-leucine decreases from the basal to the gran-
ular layer and the incorporation of 3H-histidine 
increases (ll). The differences between thi s and 
the present study may be exp la ined, in part, as 
being due to the probable loss of soluble proteins 
during the processing of the autoradiographic 
preparations. In add ition, in vivo transport fol-
lowing intraperitoneal injection may possibly re-
sul t in diminished ava ilabili ty of ami no ac ids to 
the various ce ll strata as opposed to the avai la-
bility when ce ll suspensions are pulse labeled in 
vitro. The differences in means of quantification 
(i.e. , grain counts vs counts/m in / mg protein) may 
account for differences in the results. Fi na lly, 
EDTA treatment may a lter t he plasma mem-
brane and make it possible for the labeled amino 
acids to enter the ce lls in larger quantity . Regard-
less, the incorporation of labe led material into the 
three ul timate fractions indicates that the ce lls 
retain t he ability to synthesize the amino acids 
into protein. Moreover, t he incorporation is quite 
similar whether the t ime course curve or the three 
ul timate fractions are exam ined. 
When the three fractions of T CA insoluble 
materia l [EBSS soluble, NaOH soluble and 
NaOH insoluble ] are examined, the amounts of 
"C-histidine incorporated by t he basal cells are 
equal to, and the amoun ts incorporated by the 
spinous cells are greater t han, t he amounts incor-
porated by the granular cells. The on ly exception 
in the protein synthetic activity of granular ce lls 
exists in the uptake of " C-histidine into t he 
NaOH insoluble protein fraction . T his exceeds in 
amount a ll other loca li zation of ••C-histidine. 
Based upon differences in activity noted before 
and after filtration, this incorporation apparent ly 
occurs in the lower, early granular cells. Unless 
the difference is an artifact of techn ique, those 
granu lar cells that are residual after fi lt ration 
through Nitex cloth are less active than those 
ce lls which pass through the fil ter. T he residual 
ce lls are larger than the "early" ce lls. The abi li ty 
to pass through the fi lter is related to ce ll s ize 
and also to the degree of deformability. This may 
be related, in turn, to the rigidi ty of the plasma 
membrane and cell coats (4) or to the degree to 
which cornificatio n has occurred. 
The fractionation of protein in to buffer [EBSS ] 
soluble and NaOH soluble and insoluble portions 
was undertaken for severa l reasons. First epi-
dermal proteins have been classified on the basis 
of their solubility at differ~nt pH 's ( 14- 17) with 
the in te nt of isolating keratins and prekeratin. 
Therefore, such an approach permits the associa-
t ion of present find ings with those of others. Frac-
tionation a lso permits the quantitation of radioac-
t ivity with type of end product (Fig. 14). The ra-
dioactivity due either to "C-leucine or ••C-histi-
dine may be combined for a ll fractions of each 
cell type. This total radioactivity represents a 
one-hour pulse and may be compared with the 
t ime course incorporation up to one hour in 
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cpm/mg protein (Fig. 13). T he rad ioactivity of 
each cell type in both experiments is either equal 
or in a s imilar range. Consequent ly, what is pre-
sented as the kinetics of protein synthes is may be 
viewed as proportion of prote in types formed . 
Moore and Karasek (8) , fo llowing the subcuta-
neous injection of 3H-histi dine in mouse skin and 
the subsequent dissociation of the tissue into an 
87% pure germinative and a 78% pure nongermi-
native populat ion, were a ble to demonstrate t heir 
radioact ive uptake. They report 278 cpm/10 ' 
germinative as opposed to 400 cpm/10 5 nongermi-
native cells; in the order of 1:2. This may be 
compared with the total radioactivity of the basa l 
cells (Fig. 13) of 1300 cpm/mg protein at one hour 
as opposed to t he combined total of spinous and 
granular cells of 2350 cpm/mg protein ; also in t he 
order of 1 : 2. 
These findings are at variance with those of 
Gumucio et al. (2) , who were a ble to trace 90% of 
t he radioactivity incorporated into newborn rat 
epidermis, fo llowing in traperitonea l ad ministra-
tion of "H-histid ine, to t he granular layer . When 
EDT A was used to separate t he lower from the 
upper ce ll layers, 50-80% of t he radioactiv ity was 
eluted in the first 5 to 10 minutes. When tetra-
phenylboron was used, 21 % of t he total recovered 
radioactivity was liberated in the first 15 minutes. 
This radioactivity may come from the lower cells. 
The authors suggest it may also come fro m the 
upper ce lls and represen t tetraphenylboron degra -
dation of trit iated peptides, s ince t he radioac-
t ivi ty is assoc iated with t he supernatant so lution 
and not t he cells (2) . In the present study the 
ce lls are incubated with the labeled amino acids 
after separation with EDTA, and the methods 
employed examine only 5% TCA precipitable 
material. Further work is necessary to determine 
whether the ''C-hi stid ine incorporat ion by the 
ce lls of the lower strata is in any way correlated 
with t he synthesis of " histidine-rich prote in" by 
t he granular cells. 
Histidine has been shown to be associated with 
the " kerat inizing zone" in histochem ical studies 
(18) and with keratohya lin granules in studies ut i-
li zing ultrast ructura l autoradiography (19, 20) . 
Labeled histidine and hi stidine-rich protein are 
demonstrable in the upper cell as opposed to the 
lower ce ll fractions (2, 8), following the adminis-
tration of radioactive material in vivo or in vitro. 
Keratohya lin granu le materia l extracted from 
cattle hoof epidermis conta ins significan t 
amounts of histidine (21 , 22). Labe led histidine is 
selective ly taken up by minced pieces of catt le 
hoof epidermis in vitro (23). On the other hand, 
keratohya lin granules isolated in na ti ve form 
from newborn rat epidermis by a 2% citr ic ac id 
solution conta ining .3% of the detergent, Brij 35, 
are poor in histidine (24) . 
One may conclude from the presen t and the 
above-mentioned studies t hat prote ins of dif-
ferent composition are synthesized at different 
levels of t he epidermis (14, 25), and t hat different 
prote ins may also be synthesized at the same 
level, even when they are ostensibly associated 
with the same structure (2, 9, 21- 24). These obser-
vations do not exclude the likely presumption 
t hat a ll cell strata synthesi ze some similar pro-
teins. 
Studies of t he composition, properties, localiza-
·tion and interrelationships of epidermal proteins 
are still in the ir early stages. It has been proposed 
that t here are soluble protein precursors to the 
insoluble keratins. Therefore, a sequentia l pattern 
of synthesi s cou ld dem onstrate a precursor-
product relationship . However, except for Sugu-
wara and Bernstein 's report of histidine- rich pro-
tein synthesized de novo in the granular layer (9) , 
such studies have been unavailing (14, 15). It is 
hoped that t he present paper mi ght suggest 
methods by which studies of biochemical events 
involved in keratini zation are made more acces-
sible . 
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